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(57) Abstract: An exposure apparatus, 
wherein an exposure of a substrate 
(P) is carried out by filling at least a 
portion of the space between a projection 
optica] system and the substrate (P) with 
a liquid and projecting an image of a 
pattern onto the substrate (P) through 
the projection optical system and the 
liquid, comprises an air-bubble sensor 
(20) for sensing air bubbles in the liquid 
between the projection optical system 
and the substrate (P). Consequently, the 
exposure apparatus enables to suppress 
deterioration of a pattern image caused 
by air bubbles in the liquid when an 
exposure is carried out while filling the 
space between the projection optical 
system and the substrate with the liquid. 
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•9^^3fe^J^T7fe^^SLri.CDT:. »=££C O N T li. g&*0 2 2 B , 2 2C 

(D&&mmzg^>i\T, ftuai 8^e>©^a3fe(D^ip]%^toi)c:t[3c):»?, a& 
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3©t$x'*tEP(DXY ^rS]©tiLSI± U - +f ratt 5 5 0 WiMtt £ «fc 0 ^ * 

«ftW3tr*3t3&«-cs*o ^1 8 sms^u fee. $j$)&«c 

ONTIiCOSwSI 8 <Z){£M'Jff$gfcIB1i§iigSM R Y l:E«t 5 (7f^S4) 0 
IMSCO N Tli*«P*X«55-[Rll^SL-3-3*ffiPl3*tUT«m 

tu^i 8©*£su:Ki-r£ L^fiix q©v3 k 

««l3"3L\T(Dft?&1 8 (DM (ft) IZW-r*L£lMi££fco $iJiiiCONT 
l±x IBtt^SMR YI^IBtt^tiTU^Utt^^iis A>S«dlS 2 0 lZ£Z§sL 

ifclO?* »Jffll$l*CON Tli. 2 0 13«k 3£i>£&tili£JllJb<iifriB L # 

1 8*<»#4'^#&LruT«fe,ma©^^->te^«iA4»e.tis»^A<ife*o 

MUtffulB L * ute&TT&*U*2!t5 P -3 Ii:^§5t*Jlf 
t5o -ftnt>%. ftiJ?»$l«CONTId\ IB1SS«MR Y(35Btt**iT^saiJSt 
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IBti^gM R Y izmm LTfc < o 

8 3b«±lBL*^fltWT-Cife«h*iJifLfe«^x 9 S«P 

^itmfap±izt$\f%m,fei 8©{iaiiw8fe35^$i«D S7?*^-rs*o*DfS* 

tf±S3L#lHKJJLtT3D 3 MB? L x flJ»£«C 0 N TI±B$fe*!i3£S 
««t5o ftJ^gCO N Tli. P±CD*t£fc<D5> 3 y hflMSH 

©*ft**i<DB3fe4U;i»&&m8 2 0K:«J;53tf&1 8(D&tB£*TlK ±I3L#U 

MS H ' &iB1g£BMR Y\zmm+2> Uf'j/7S8) 0 l^I^IT^x IBIS 

**»j|g»i^fei^Ttts ^ife©^^©?*.. as«p±©ift»««p Atr** 

1 Y$4^"(S]CD»J±^SP[-WUT^til7 , 6L e tf&S^tiS „ 

o*<»fc**iTru5A^o^&^jwf-rsifc*^$%o mz.it. s*sp±©^ 
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&2 2lZS7fe^ti-r\ #7Jfttt!t&fc&3«, ftOTMCONTlix iiHifeLeCDg 
7"cgP2 2 AOg^fclSBIlUlcJUTs S^Pb^ 5 6 iZfoW 5 0 #>tfc£*lTUfcUC: £ 

tli. &£*L 1 ©&8gtf^tLT§M$2 2 A lift LT^Afft 

tt«gfcfc£o fWWKHCON Tli. SSfcSB 2 2 AOSafctSSKUI^UT. £RB 5 

2 out. jftu^^p Lta«pfc©M<Dj«ft:5 o/>«Fs-r 

^II^^Dfcva-y h«« (TAS/av h««) SH' £lgt§£IMM R 
YtE1fr*o ^ LIv B*fc«yi**7«x SBtSSSBMR YI^IB'ISLfe'fffSII^o' 
UTs *»(D->3V K ««SH(D -5 *»TJSl3jeHLT/^ 
WKfT*>*ifc* v ofcS'a v hB*SH' I301\T> %:CD'&(Dftll"( ^O&yitBM 

ih1-S«fi£TifeSA<x Wilis $^^f 1 <D#t^3^$gyx;u4i3iSit 

filis £R8 5 6l3#t^^tii>;W5 0(D#{ill#IBI^^t)©)af*:3S«*«tbLx $'J 
igiCON TMfcfcilte** frJftPtslgC 0 N T l*3k§fciU^g©fc!iJ 

i/f't"'!) o 
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5 O 1 8%^di-r%«lJa«ai«2 0*mfZZUZ<i:K>. ^5 6 

SUliS^S^-m^BSLTm^^l^^S^toflDtoS^JI-rzh^-xr^So 

§0tr,i«*5 0 4>l3>?^LTUi>^cD»^^ai^i>Chf5T^Tfei>o^/cx 
^^>?^LTt^?) i fe<7)^^5PlI#*LTt^2.t,©A^S^:g|J2 2 B, 2 2 CCD 

&ft&mzm?i*Tm&}-tzz.£ i b°jt&-T!ibZo seizix p 

LCDT®7ICMUTBS^5C:hl3«fc»5x P L ©T® 7 Iztt* LTU 
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KTfe UftitiSte) &fiSa*Lfc#s 00^.141 ocDT^y Y^^ld^S Loo N 

^(D^tKv h5tl3WLTa£*RP%X«i^|Rjl^ffi-r5«k : 5l3LTt»J;Uo &?>^ 
lis Ytt^rfiJliS^^^y K7 l c£StKPl3&t}-r&«fcol3LT ! kcfcU e ZCD«t 

Z 5 LfctHMW-t? >-y-T»tt&^ LTttfflfcfT-S ttlCx P L© 

HUTt«tUo SffiXf-vP S T (Z7f->5 1 ) ±n^^f#§#a 

tta«B*r^-b>-y-flDjM*w&rtW3-3t\riix»M 2002-1 400 5^&$b. 

ftm¥-1 1-16 8 1 6^ffix WIHBB5 7 - 1 1 7 2 3 8^« x ^¥1 1 
-2 3 8 6 8 O-Sf&fg, ftffl2 0 0 0-9 7 9 1 6-5f£$R, ^^4-3 24 9 
2 3-^i>fB^l3pii5ffil3lBm^tiTfcO. **i*tL*SI«aj«B-C*B^*feliatR* 

BjufcuT, ±ftLfeMm&m£m-xitmm(DMm&-&iz-z>i\-T:\tm— <d&^ 
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i£3fc^P L(Dft*llttP©*^3R?-6 0 h&K P fcOIIBlZttJtf* 5 0 #»fc£*iT 

SffiP±li»#5 OfcflWftrfcflttft; X;U4»lf*«P±<D»#:5 0 *\aH\Z-f % 
IsMX y X;U 5 (DMtt- £ L 7c o 

^6 ohttfaLTus^izouTiaBji-rstf. #isa2 o 02-1 400 5-s§-& 

ffix WHRM 1-16 8 1 6#^$g s #B8fB5 7 - 1 1 7 2 3 8-s§&$E. #r*W 
1 1 -2 3 8 6 8 0^«s ^12 0 0 0-9 7 9 1 6^&$g. ^i?4- 3 2 
4 9 2 3-^&fB&*:i3ll^£*LTl*£J;-5fc> SSXf-vPST (ZXf-v 

5 1 ) ±<7>&«it)»** j < s >-b > wtsi^^ p Lo^if 6 o iznm uu 
mitmwExi*^ »ffiPG3®ti«tii»*«iii-rs7*-*x«m*7 o^x. 

^^t--^^^i±S^7 0(4. jS^^P L<D^««P A^rtt/uTf^CD 
WfflyiZ*ft*JhJftl*6>ftTi\S8i*r&7 1 tg^7 2fc&*rU ft**»7 1 
f»ISPl05^5O^LTliP«I l3^»^|fil^6«m3tL a 

fcJS£*U »IP±T?S^L7c^i±i3 , c La4M7 2^no 

fMWKIICON Tldu 7*-*X^m*7 0©ftf^«:«iJ!WrSht , fel3 N S3fe^ 
7 2©S3tS*II*-^^Ts Pif^:S^®l3:W5S*5Pa®CDZill^[Rjl3:felti) 

§#^7 2(4SIB««P A€:^A,-e±X^r|pl©^tl^tl<D«iJl3, ft»«*PA^ 

St5P±lZ^<D^i±i^L a^jSWtSo It 7 2 l*tt»©ifc»gpi;:ifc 
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fiJSUloUTlix ^Jxli*^M¥8-3 7 1 4 9^£«l;:EHffll3iEtt£*iTfci5x * 

frJiP^gCONTIi. 7*-:b**m*7 0(Dfcm*£JIII;:*-3UT\ StfiXT- 
-viElb^SP S TD^^LT»S7f->P S TcDZ^-^-v 5 1 (H) 1 #bb) 

coNT*^e>(D^[z:s^^ri!j^Lv smspcd? (ziis) 
H8i3MoT, fsfs^^p L©$tsiaiifi^izii N 7*-t>x&mm7 o<d& 

lt^7 1 fr6>l*ai£;h,/c*£fcb&L a&SflpTtg&JIM ^§3** 8 1 S«P± 
TSS*Ufe*ai3feL a&al>BBrj|g«c|R2^SP#8 2 fctfRtt&iliTUSo SfH 
8 1 Xtm 2 tf^SW 8 2li, ^f^fe^ P L 9cm<D^m=f- QOUt 
tiTfctK fft1 3t3*gM#8 1 Ii*fc5**?6 0£D-X^[SjffiiJ 

E18lz:^1-J;-3lz. S^P©^7 1 cMSI^l3fei\Tli N jSK^PL4aaL 
fclMEL©^ OS O^m^e 0 ta&tRP (3£tEP±(Z>8:JB*KttP A) 
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(IU1#bs) frb^#5 0#St£P±l3f&*S£;h«£>o ^lf6 0hSIS 

a r p a «*: a h ft o fc t % mmn 

^AR$Mt^5 Olifgl 3fe^gP*t8 1 ;RtfSB 2 &9*SM* 8 2©**i^*i 
MRP ±.\zn[+%fcM$tL a(D3tSS©o^^1 ^SB«8 1 hi2 7tm8 2 
Sfi^£*iTl*5o fcfcx «K«*SPA©^«iK ttKSHBHCKP AWLTlffiP 

mmmmARtfpjT&nwm-C'mmzti. sgi 3tw*t8 1 ^2jtm8 2 

P A ) li3fatt*TfHB*** ft £ o StS P t> ©Stfcfc Lai*. A 
R(D}»5 0atfJ|!2dtM»8 2 &»ifl LTg^ 7 2 l3.ffiSM*»T8&£ ft 
So *»^-titfs :7*-**fc{±J^7 0<Z>S&t*7 1 fre>S*fcii**ifct*aj3teLa 
t^%Wl 2llg7 l c;*ft3ht. »jSfH«ARIipff^G)tttl8l^fig*ttTUSo 
7*-*^«ttl^7 0(DSg3t*7 2©£li*liai^^r, l&iii&La 

*-2)Xl&tB^7 0©Jfc»J3&7 1 fr£Sldb£ft£&th:&L ate, ftR^PL 
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fctU3&7 Oli x 2<D£tl;bl;:fio*^-C. 1ME L (DXti&tffoft 5 0T>H 

fc * *i T l\ £> frg Jb> £ 3fe^ ft 1 1 tb + £> Z £ ft T If £ o 

5RPL©5fei9CD7fe^6 0 4fflt?«fc"5l3-O(Z)aitt^SP«i:LTDtJ56UT 
TUT* «fcl*o 

_t!3»1 > S2 3fc5*SMt8 1 s 8 2 0)WCfc*»#tt«ii^±l3Sltt 
««A R<D»fr5 OIiifeW*t©»ft:»Mliliffi*LS < & 3 7i#K jfcjlfiilgA 

11 Oli. »»«*ARO*#5 0«Pli«?&1 8*<#^LTUS«H8&^t-E 
T£>£> 0 H11 Old^-Tctai'^ -7*-*^tftai^7 ()©*£«■* 7 1 frZM&Ztl 
£&&©&&& La© -5 *>x ^1 8l3^feofc^iU7 l 6L al2tfcSl^S#r&^£ 
£i;3o 3 till ch 19. ^>S1 8ld^feofc^ttl5feL ali. gft* 7 2 l^fift® 
TLfctt«gT£ft£*iS*K fc£uli^©^«lbli-&£to§&£;}x&Uo o 
SOs »f*5 0(pl;iftfc (»#SP») 1 8 S5t*7 2 ICg^** *i£> 

&5£&7«<b (f£T) n o LfctfoT. 7*-*^«ill^7 0l±x m72 
©dS^dfi^T. «3t*teE L©#&±U:^$S;hfcfc*fR«A R©fc#5 0* 
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SPTfc3Sfl&««P A^BB|fTi.fetos ?*-±>3.*£tism7 0!£ N §M72© 
i:fx 8^li. U1 Off. ^5 0+^^LTU5^1 8 A N W> 

1 ^gp»8 1 nmm (m&mmrn) i:f*futu§^i sb, si2&w** 

8 2CDOT (i»#:»M®) I3#*LTU*»JS1 8C V »tfaiEP±i:#f LT 
C^F®^) ^tto dCDctai^s »«IB«A RflD»f*5 O+KStf&l 8 

fc3lWi*fl!>$fcS8fc£flsS-&T5*te*7 2lz:§:&£;h,fcua)-e : (^L b#&S) % 
7^--*x^tB^7 Oli. S3fe^7 2©iil*lz:aio*t\r. S«E LOD3t8S±lz: 

So"i\T N &fcb&L a©^8S^(D^1 8 *^tb^S«fi6TJfeS^«> N St5P± 
l'f*»L/-rt^»^*1 x SR 2 3te3*aJ*t 8 1 % 8 2l3#»Ur^SftJS1 8 ( 1 
8 B % 1 8C) lifc^SA/s *«tS«AR^fi£1-*»^5 0sp&>?j8LTH3 
8 ( 1 8 A) IIOUTfc8*a3-*-£C:fc*<-£#£o *©fctf>x &&%L a(D 

*»±T?a5ti« v jSjspI^e a r ©aM* 5 0 ^oc^st e l ©3tettJswa><fc«f;:# 

fc-TSatfSI 8 t^di-Ti) ^<h^*Tf#S 0 WifC O N T (± % ^^--^X^£±J 
^7 0$:^LTS^P©®iiatS$B^^aiLooil^MS^^ao 
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ami* s o e l <Dytmzft><DtiLfflz&&ir%mj& 1 8 t^ai-r 5 d ^ 

SSly&l 8#a£«Pa>»»fc#^T»f*:5 0*4^»UTa3t3feELO)3tl8±(3 
K*3*i.fc!K »ttP^Mte5W?6 OlCfl-JgLfc^Tfcx ^*-*^^tti^7 

ss±iz:iB«^tifeo. a«p^»^*^6 oiz:^-r2)Bfri3, 

Isl®-rSZ:^A<-?:#So 

Sis fcSlWi^OD&fcbftL al3W*6r5S^»7 2 (DS)feSP©ia:«fiL«l3M-rS 
tlWRUUI^UTs ftjfil 8©{5M (ftfcl 8##£U£1£ai7 l G©7 l 6{S§) *»3tf 
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ttm-c-mtit-ztiT'iz, m&ftEL(Dft&*iz$iLwmwAG&±f&2ti2>'5jm±w 

fcl>o 7 *-t>X&m,& 7 OI4x ^©^^AGOD^^^ttJ-r^d^t.Tt 

SS1 ©ttfW&&*ri3.J:oT±i;So Hi i t-I4x stf*lH«AGi4«2^ai 

tt8 2iS»l:M**iTfe0x aa**AR(D»#5 OI4fg2&^$W8 2©^ 

3**7 1 *&Wm*;h.fc1ftlii3teLatt, »*fI«A R©»# 5 0 fcft#iI«A G 

*K &£Ul4S3te£ft&^o ^^-*^^ttim7 014. 7 2 CDtfc^l^So* 

fll^E 5 0 tf^tfe* tlT US frSfr£&iiJ-f 3 3 h tfTr^ £ 0 

£fcx ZODit^teUT'fe. #Jffllg«CONTI4x 7X-l)X&&?k7 
TSIS P CD®tt«1«««:tta3 UooSHB&S&ff -5 fctf> x *©-7 *-a 
7 0 (S&ifc7 2) CDiiJ^lZia^UTx S«P©^^IZ:a^7tE L<D#;S§4><D 

^ LTT M&*E l mmz*L{*ffl* AGfc^tf-rt^fcfcB^O T&th L fc*&l;il4 x 
«£ISCON TI4x 7*-*^iU^7 0flDi±S*J3*cJ^T. 0il x. I4a*ttft 
*^±Lfe"9x itf^ttl l3«k§^^$&fi^f*:|lllJX^S2l3ct§^#:|5] 
1R**W»U-C«»««A R 4^©tt«8f3<i»-r5<?©a«3&«l*«:Jfi-r^i: 

mfcpzmmmyt*ukm-fz>mzit, mi 2 (a) m^-r^anix s 

mm 1 s^^ihiir^m 2 *%m-?% z turnip ±izm^nmA r -kmrn.** 

^70 7i e fci9^tti7 l 6La^^p i^jcstt l ooa^ffiatKrojaafi** 
B&miteft r> ztizjiv, 7*-t)x&th&7 0 (»^t»7 2) ©m*i«-=y 
S4RP<z>aitH5*&©as**ijBsff-rSx:i:»<Tt*o -r&to^x i^iaif 
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©»»«*mfit«if^i3fcL>r, 012 (b) izmir &?iz. »»««AR*<*3e 

a<DA»J»l4ffiTrSo $iJ^«C0NT(i N 7 * 7 0 7 

aa^a^MJfe-rs 3 tiittmw-ctbztmm-rzo mmnc 0 n ti*. $ 

oTli^^^S 1 ©^ttfftl&i^SftfclllilXSI* 2 <D»#ls|i|Xft£&JE Lfe 9 

(c) \zmt£o\z, mmmi&ARw+&izmj£$tii:. asi^sms 1 

2^«J*f8 2 fc<DIH<DfclittfcL a 5 0T»fc*tl5i:x 

*P Lffljfe¥*?6 0 ta«P^O)Bfl©«3t3tE L 5 O^Stfe**! 

Jkl 2\zm&(Dtt&m-Z:\m-f%(DT', »J8P81C0NTIi, 7*-l3X&lh& 
7 0£D§7tm7 2<Difc?jl;:So*UT. a»««A R *«JBfiS*tifeh*llBf Us ifcS 

§t#«yi£ Knurrs c t^wr* «, ftji&ptgmc o n 

l3ctoTH7 l c7feE L<D3fcB&£fc»»flU* A R 1 8 A G^OD 

ff±LTL*-5^tP^ft^i:So ffilx-lix E11 3l^fJ:-5llx 7*-^X^tB 
*7 0 7 1 ^&S*r*tifett»©«.tU3tL a 1 ~L a 5fiD?^, IISP 

©i y 5>*gp E <hX$5 P (DJSI ^ luffil* £> *i£7 U - h 8P# 5 7 fcflDRflflDWifB 5 8!^ 
BBJt£ft7c*£ai7 , cL a 3 lis ttSL^JSifrfc fc± ISTg&m 7 2 ldRff^©^§iJg 
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ARom«*«l**7?$*o SSP^-Wtt5 7h<D(ffllil«ira5 8 J&j££ 
tiTl^A<x *©P»IB5 8lifiatt*tife^tB3tL a 3ld\ A R tf&ftlz 

tffcOx *0)«^x ftJffll3SSCONT#S&*7 2CDtil*llSo*UTSl3fe*aS«: 

J5fefc#;i<=>*l37b<x ^©*i£x StRPhS^^-vP S T (Z7f->5 1 ) 
fcfl)M(I«Sl3!>«mBR*ti. xyS>*^Eifi&©*i5P±l3l±»»«#A Rtfm&Z 
XiTUZlZ&miOib-?. &&P(DHMlzmM<**iZ&ih%L a 3 N La 4. La 

*G)«B-x $>J^^gCON Tli s atSP^^'Ti.S^T.^-vP S TCD&M 
*«•»■*" £ L' -If =F&& 5 5 CDltSflig^i: x U — tf^ft 5 5 7r*f 

^^tlS^r-v^S^TfflS^ P 01 -j/ vgpE (IWM 5 8 ) (DtiLWmmz^ 
ut, B&lMt*tfJ»-*-ao 0O;tl£x m&i&mM<DT ^ << * > KM 

JIB^UlfcUTx $'J$P£tmC O N TligljlBX^- vMI^T£DS45PcDxy >SD 
E (RMS 5 8) Ofit*1ff$8%^to3RtoT:SB«S«MR YIIIB1«LTa3<o /A^Tx 
iiHt C O N T lis U -ifT^ti" 5 5 d «£ 0 S*£ P <D(ft«1«6&tf-*J Loo« 

L aCD^fi^fSTLfcO^i.UttgTfe^^^tN^^^T'fe,, $J9P&ttCON 
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li. 7*-*'^»di*7 0©&ai&La£^ioJ^&#^£W8 1 x 8 2 #8*** 
P L ©AS**? 6 0 4:— #fc«t*«fc-5li»lt6*iTt^*jfeTfe*o "7*- 

sp) ©7t#m^6 0*a>araj:ai3i9!5fe**iTi^ o 7*-*xifttti*7 cm. 

53tA^§5o *fcx BI1 4Tli, 3fem8 1 x 8 2 a>**L**i(DTi»® (» 

(Tiro®) hBS|lIL;itdi:3&oTLN5o jfcS^ A R GDjfcf* 5 0 It. 3t^»*t8 
K 8 2©Ttt®;Rtf^*^6 OOTMffiKSWU S^mPLhiffiP 

1U1 5\Z7jk-t£olZ, »»««AR©J«#5 0*I3»JS1 8*<#&1"i, 
±aB*JtWB«Sll«x ft*** 7 1 fr&attU*Jh.fc*ai3teL al±Stf&1 8 

fcfcx ^(Dl^CfcUTtv 3t^gPfl-8 1 v 8 2CD^tL^tlliStMZl34VEUfc 
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^LT, M#1 9 3 n,miltfiDl!ME L IZft* % $*tK (jJc) ©Siff^nli 
15151. 4 7-1. 4 4!lJgts;b*iT23i9 x JBMftE L©jtItLTA r Fx 
+ If* (Ml 9 3nm) fc/|ttfc»£ % 3S« P±T?te 1 / n N -r&fc 

t>&1 3 1 ~1 3 4 nmS*ldffiM<t3ftTJSU#«&#» t>*ii>o MlZ. £ 
^a*ttffift4»IIlt^T*«In«x 1 . 4 7-1 . 4 4f&Sjftl«*3F 

lis JSaB^^PLOBBPttfe^OifiPd-HrSiii^Tftx 3. (D^T! 

14. «AtfiRJt (3Kffiift» x 3-7iRJ6^) ©ISl:fflU§^7U-hTfcoT 
SEX©ilj$ N »3t N NBB««IZ£^-Ct9:^^P L(DSai^ x St5P±T'<£ 
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^0)JE*lcJ;t3T3t^fR^^HiA^u«k«5l3SHIi@3tUT«fe«l;t\o 

£ tlT In 5) «fi£T fcitfx #J x. P ©Si® lz:¥fr¥® ft e» & 5 * A - 

iZ&lfZmfti/tE L(Dft&±lZ&ttZ±TOft&mtt&§&ftS£&ii-fZo 

kl^CDT:. )fcfls:5 0 LTI* F 2 U -If^feaSifloJtfe&ffilittfa^ v 

ftTKUx-y^ (P F P E) ^7'j/*^-f^feoTfe«ktv 0 ££x >$tt5 0 

fi»Jx.ii$t«BSP6 o A(o*ai3o^r 2tt©y x^Tifc&s oco«l&xttiH|jR*ff 
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